Abstract 2014 We describe an active damping circuit which uses a 90° phase-shift feedback loop to dampen the ringing of nuclear resonance probes just after the RF excitation. The damping does not operate during the reception of the nuclear signal and there is therefore no loss in efficiency or in sensitivity as would be the case for permanent damping. The use of a high voltage FET as a gated duplexer to isolate the RF transmitter after the pulse is also described. The circuit damper is especially useful at low frequencies and we have been able to reduce the recovery time of a series resonant circuit (Q = 50) to less than 7 03BCs. at 3 MHz using this feedback scheme and the gated duplexer.
1. Introduction. - The design of pulsed NMR receivers at low frequencies raises special problems if the signal to noise ratio is low and if large bandwidths are required as is often the case for NMR studies of solids. These problems arise from conflicting requirements which need to be met for an efficient yet fast recovery system : i) an efficient conversion of RF power into a homogeneous oscillating magnetic field Hl inside the NMR coil ;
ii) a rapid build up and rapid decay of Hl in order to be able to (a) determine the free induction decay (F.I.D.) origin accurately, and (b) observe weak signals as soon as possible after the RF pulse ;
iii) isolation of the receiver from the excitation in order to protect the receiver from saturation (e.g. charging of coupling capacitors); iv) optimum reception of the nuclear signal along with efficient coupling of the nuclear resonance probe to the receiver. Requirement (ii) is in conflict with (i) and (iv) since efficient power conversion and reception require circuits with a high quality factor Q (Hl ~ ~Q and S/N oc ~Q) while the natural ringing time iR = 2 Q/03C90 , (1) needs to be as short as possible. Typically, one must wait a « dead » time 03C4D ~ 20 iR for the circuit to ring down to noise level following a 1 kV RF pulse. As an example, for a Q ~ 50, zR = 5 ys and 03C4D ~ 100 9S at 3 MHz.
We were faced with a particularly difficult problem, namely that of observing the 1 H F.I.D. signal of CH4 physisorbed on exfoliated graphite (with the view of studying the orientational ordering of CH4 on a triangular lattice). The 1H resonance signal from CH4 was also exploited to optimize our NMR spectrometer prior to studies of physisorbed 15N2 which has a much weaker signal. Geometrical constraints on the sample size and eddy current dissipation in the graphite limited the Q-factor to approximately 50 (for which 03C4R ~ 5 03BCs and 03C4D ~ 100 gs). This is twice the F.I.D. time scale for bulk methane (the first zero in the F.I.D. occurs at 37 ys for bulk CH4 in phase II below 20 K). The [4] [5] [6] [7] [8] had to be excluded because of the impossibly difficult design problems associated with the employment of separate orthogonal transmitter and receiver coils in a tight cryogenic environment. Bridge circuits [7, [9] [10] [11] [12] [13] were also avoided because of their critical tuning conditions, relatively poor isolation and inherent 3 dB losses in RF transmission and reception. At high frequencies they do however offer a convenient solution for cryogenic applications [13] . Loose coupling schemes [14] [15] [16] [17] [18] [19] do provide extremely fast recoveries (at the expense of having very wide bandwidths) but they were not appropriate for our low frequency needs.
We were therefore led to consider : i) probe damping techniques for a large single NMR coil operating at low frequencies and ii) at the same time realize a receiver design that minimized the recovery time following the RF pulse without deterioration of the sensitivity. Many probe dampers (both active and passive) employed to dissipate the RF energy stored in the coil have been described in the litterature [5, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] (As discussed below, the capacitance 2 Ct resonates with the residual reactance at X during the RF pulse thereby minimizing the conductance in parallel with the probe circuit.)
The ringing time of the resonance coil 4 after the transmitted pulse is where R is the total series resistance through which current must pass to ground after the pulse is tumed off. This resistance is made as large as possible by the use of an RF duplexer which transmits the RF pulse to the coil and disconnects the receiver during the transmission mode, whereas during the receiving mode the transmitter is disconnected and the receiver is connected. This has often been realized by the judicious use of passive crossed diode and quarterwavelength lines [21] , but this has the disavantage that one must accept the relatively long ring-down of the voltage levels (~ kV) to the operating level (~ 0.5 V) This is the Miller effect. If on the other hand p is negative imaginary, the input impedance is real and low This can be typically a few ohms which is ideal for damping the input during the recovery time ; the energy being absorbed by the amplifier.
This condition is realized in practice by choosing Co and the RF levels at thé output (via selection of the gain of Ao) so that f3(v) becomes imaginary just for those RF levels for which we need to accelerate the recovery time. In order to understand the operation and design criteria we will now analyse the overall operation of the receiver with feedback for different levels.
We consider the schematic circuit of figure 1 figure 4a . This is to be compared with the observed [29] does reportedly lead to slighter better improvements, we observed a substantial degradation' in noise performance at 3 MHz with his technique. This is to be expected since permanent feedback always increases the noise for a linear amplifier even if the feedback components are purely reactive [31] . If the power spectra coi associated with the equivalent current noise source of the amplifier is expressed as [31] 
